The purpose of this study was to measure range of motion among professional women baseball players and to identify specific attributes through comparison against university men players. Subjects were 53 professional women baseball players (average age 21.9 ± 2.9 years) and 23 university men baseball players (19.8 ± 0.8 years). Measurement of shoulder external and internal rotation, neck and thoracolumbar rotation, hip internal and external rotation, SLR and HBD revealed sex differences and laterality. Women players had higher lower limb flexibility values compared with men, and like men, demonstrated laterality in range of motion in the limbs and trunk. Findings from this study may provide reference values that can be applied to women's conditioning programs.
Women's Baseball World Cup.
The literature on men's baseball includes studies on range of motion (Hiramoto et al., 2012) and muscle strength (Hayashida & Nakagawa, 2005) as well as pitching motion analysis . In regard to women, however, there is only a scattering of studies on pain (Yonekawa, 2012) and pitching motion (Ito et al., 2004) , and the attributes of range of motion are unclear. Since previous research has shown that throwing injury is related to trunk and lower limb flexibility (Hamada et al., 2009; Fujii et al., 2005) and laterality in the range of motion of the neck, thoracolumbar and hip joint (among high school boy's baseball players; Matsui et al., 2011; Matsui et al., 2013) . For women athletes as well, it is necessary to clarify whether the left-right difference is important. Axial alignment of the lower limb has been reported to be different for men and women (Tamari et al., 2003) , the range of motion may need to be considered by sex. The aim in this study is to contribute to improved performance among professional women players by identifying their physical attributes in terms of sex difference and laterality in range of motion.
Method
Subjects were 57 professional women baseball players registered with the Japan Women's Baseball League (average age 21.9 ± 2.9 years) and 24 university men baseball players belonging to the Kansai Big 6 Baseball League (19.8 ± 0.8 years). Players who had shoulder or elbow pain or who were otherwise not in top pitching condition on the day of the medical checkup were excluded. 53 professional women baseball players and 23 university men baseball players finally took part in this study. A breakdown is shown in Table 1 .
Measurement items were degree of external and internal rotation in the shoulder joint 2nd position, degree of neck and thoracolumbar rotation (folded sitting position), degree of internal and external rotation in the hip joint (dorsal position, hip and knee joint 90 degree bent position), straight leg raising (SLR) angle, and heel buttock distance (HBD).
The method of measurement was consistent with the guidelines of The Japanese Orthopaedic Association Corporation and The Japanese Association of Rehabilitation Medicine (The Japanese Orthopaedic Association Corporation Physical Disability Committee, 1974; Yonemoto et al., 1995) . SLR angle and HBD measurement are based on methods used by Kibler et al. (1989) and Torii et al. (1993) . SLR angle is measured as the degree between the thigh and trunk axis when the subject is in a dorsal position with the opposite leg and pelvis stabilized, and with the legs in a neutral internal and external rotation position. HBD is measured as the distance from the buttocks to the heel when the subject is in an abdominal position with the pelvis stabilized and with hip joint in a neutral internal and external rotation and adduction and abduction position. Degree is measured in 1 degree increments using a University of Tokyo goniometer and distance is measured in 1mm increments using a tape measure. To prevent compensatory motion and limit measurement errors, measurement tasks were divided among 4 physical therapist examiners who were each in charge of manipulation, stabilizing positions, taking measurements and recording values. Movement axis, principle axis and measurement values were validated by all 4 examiners. To prevent examiner error, there was one booth for measurement of each item. We conducted two-factor analysis of variance with sex difference as an inter-subject factor and laterality as an inter-subject factor.
A simple main effect test was conducted where there was interaction. We set the level of significance at 5% and used IBM SPSS21 statistical software.
This study was explained to participants with approval from The Kyoto Prefectural University of Medicine Medical Ethics Committee and conducted with full consent thereof. All participants provided written informed consent.
Results
With respect to basic statistics and sex difference and laterality for each range of motion, there was significant interaction for shoulder internal rotation. Analysis of simple main effect revealed that for shoulder internal rotation, non-pitching side values were significantly higher than the pitching side among both women and men. There was no significant difference by sex for either non-pitching side or pitching side.
Analysis of main effect for non-significant interaction revealed a significant main effect for sex difference in hip internal rotation, SLR and HBD. Values were significantly high for hip internal rotation and SLR among women players and for HBD among men players. There was also a significant main effect for laterality in shoulder external rotation, neck rotation, thoracolumbar rotation, hip 
Discussion
This study attempts to identify the attributes of range of motion in consideration of skeletal and muscular differences between men and women baseball players. University men players were selected as a comparison group as they were in roughly the same age group. Results suggest a sex difference where women players had significantly higher values for hip internal rotation, SLR and HBD items compared to men. Since previous studies have reported that healthy women in the general population have high values for hip internal rotation and SLR angle (Okabe et al., 1980; Idota & Yoshida, 1991) , top level Japanese women track athletes have higher values for hip internal rotation and SLR angle and lower values for HBD compared to men (Takahashi et al., 2012) , and elite women tennis players have higher values for hip internal rotation compared to men (Ellenbecker et al., 2007) , we assume that greater range of motion and flexibility among women compared to men for hip internal rotation, SLR and HBD items is a sex difference as opposed to an attribute of the sport.
Left and right comparison revealed a significant difference for shoulder external and internal rotation, neck and thoracolumbar rotation, hip external rotation, and HBD items. This is consistent with other findings that shoulder external rotation is larger on the pitching side and internal rotation is larger on the non-pitching side (Brown et al., 1988; Bigliani et al., 1997; Ellenbecker et al., 2002; Meister et al., 2005) . Our results are also consistent with an earlier study we conducted of junior high and high school boys' baseball pitchers in which we found that neck and thoracolumbar range of motion was larger on the non-pitching side (Hiramoto et al., 2012; Matsui et al., 2011) .
In regard to hip rotation range of motion, Nishino et al. (2012) found no laterality among pitchers aged 11 to 18 years old. Among professional baseball pitchers, however, Robb et al. (2010) found that hip rotation range of motion was greater on the pitching side. In this study, our analysis suggests laterality in hip external rotation angle. The windup is a repetitive, one-directional motion involving the legs, torso, and arms ( Figure 1 ). The neck rotates to the non-pitching side in the windup stage, the hip joint on the pitching side rotates externally in the early corking stage, and the thoracolumbar rotates to the non-pitching side while the hip joint on the non-pitching side rotates internally in the late corking and follow-through stages. We therefore assume that laterality in the neck, shoulder, thoracolumbar, and hip are attributes of the sport.
In this study, we have identified range of motion attributes for women players as opposed to men and proposed standard values that may be applied in rehabilitation and conditioning settings. ACL re-injury is reported to be higher in women athletes than men athletes (Schilaty et al., 2017) . It is important to clarify the characteristics of women players and use them for prevention of disability. It is possible to present the target value of stretch as a women player to athletes and trainers. Of course, the physical attributes of women players cannot be described in terms of range of motion alone. Upper leg strength, body composition, field battery and other physical factors should also be considered along with further analysis of pitching motion in future studies.
Conclusion
Range of motion was measured among professional women baseball players and university men baseball players. Women players had higher flexibility scores in the legs compared with men players. Like men players, women players had range of motion laterality in the limbs and trunk. Findings from this study may provide reference values for conditioning among women players.
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